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CONTTINITIAL 1.

COnROSTON STUDY QN M.TERILLS

s
— v . -

"OR USE - TTi{ PHOSPHOAUS . NJ SULFHUR B, RING FUELS

P.RT o

BLAMIATION OF CCLIUSTION CHAMB R COLPONIENTS

FR:CIS

T the protection offered by oxide films and corrosion product Guring
the stotic laboratory tests wes not reproducible under combustion condi-
tiows. _he zetion of fest-moving gas and/or licuid droplets of ucta-
rhosghoric acid in the combustion systom led to extremely high motal loss
by crosion as well &s corrosion,

2, This peirt of the report includes & microscopicel study of sections
tclen {ron wmeged components after exposure to phosphorus-phosphorus
sescuisuvlphide (PPS) combustion products. The eveminations werc cariicd
out ot various stages of the PPS progremme, principally to give some
indicotion &5 to the cause of dcrmuge.

2 e eport shows that damage cen be caused by

() corrosion and crosion of mcteriels by liquid phosphoric cc’d
conteined 4n the moving coubustion strean, Products of the
reaction were found to bu metallic metaphosphates and hydrogen,

(b) corrosion and crosion of materiels by phosphoric ccid verowr,

the procucts of reaction being phosphides or phospl.ide eutectics <cepending
on thc distridbution of phosphorus,

CONCLUSIONS

L, The mechenisns of ettack associanted with metrls when exposced to the
phosyi oris=rhosphorus sesguisulpide (PFS) cormbustion geses werc found to
e sinilor to those shown by metels vwhen exposed to the synthetic coriius-
tion ¢tmosnberes used for the stetic lcboretory tests,

"Me protection off'cred by edheri corrosion product during stotic
ts was not reproducible wnder comoustlon conditions, The action cf
t-moving ge.s end or liquid drcrlcts of meterhosphoric acid in the com~
st:.on chimber led to high loss of metal by erosion s well es corrosion,

6. lcseriosphoric ccid vepour wes considcred responsible for the ioduce

tion of mctzlilic phosphides., Combustion trials lasted only e netter of

n:':.u’cc S. .ven so, the metellic sceles wvere found to contein sufficicnt

“os oius to support phosphide formution.

Te hie saort perioas of exposure icd to uneven distribution off hosprorus
in the ottocked srces end euteetic distribution wes not so charscteristic

as COmpgrcd with the resul ts from the much longer exposures associoted with

laboratory tests,

CC/FIDENT IAL,



RECOILONDATIONS FOR FUTURE WORK

Be Iature work shouldeinclude the use of

(&) micro-enelycis technicues to identify surface end grain boundary
reactions of elloys when exposed to the PPS combustion rroducts,

(b) J~rey diffraction technicues to identify deposits snd corrosion
<roducts formed.

Zutuie worls should elso include

(c) combustion triesls using test samples of metals which form solid
sccles or corrosion product up to 4500°C e~.g. 10, Te, L&, J1,

(d) Phosphorus-phosphorus sescuisulphide compbustion trizls using
test samples of conventionel metericls coeted with non netcllic
deposits e,g. cluminie, silicon nitride cnd clso with the ehove
resistent metals cnd their elloys using vapour deposition or
electro-deposition cs appropriate,
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INTRODUCTICH

Co In edaition to corrosive ctmosphere end working tempere turo, focbors
such ¢ Tlov rete of working fluid, non-cquilibrium essocicted with prac-
viccl couwbustion conditions end pressure within the system, must be included
in the oveircll nssescment of matcricl or component demcge,

10. The protection offered by adhuring corrosion product during the
static loboratory tests wes not reproducible under prectical combustion
conditions, The corrosion product when formed was readily removed by the
ection of the gas streem, This afiect led to conjoint etteck, i.e. crocsion
and corrosion,

11, The report is based on a microscopical study of the surface and
structurcl cheracteristics of combustion chamboer components after high-
temperecture exposure to the phosphorus-phosphorus sosquisulphide (P¥g)
cormbustion products, The examinations were carriced out ot various stoges
of the FIS progromme principally to give some indication as to the case of
daneges

EX/MIGTION 4:  HIGH TiiSILI SIELL SCREY,

1. "M head end last seven threads hed been cffected, the apleorince
being thit of en eroded surfece (Figure 1)s The circumfererce of the head
hcd been rziuced and the socket erlarged to such en extont that the well
corl'cspozxcjgls to one side of the hexegon hod been renoved elmost complately
Picvre 2),

13, iicroscopical exammctlon showved the materizl to heve a uniform
aurtenoitic type structure. hrrdness survey oalong the length of the

serow (ove DFH 460 meximum, DP‘I 440 minimum indiceting the cbsonco of over-
hv;t ing or ony cppreciable tempereturc grodient during the tricl, .. thin
sccle covired the heead ond acicge throcds of the screw, There was no

evitence of intererystelline etteels,

1. it is considered thet thc sct sc.ew hed suffured demege by coiroes:on/

»0s.01e  .arcsion by flowing ccid probatly contributed the major peit of
the Lanrege,

X T TION 2:  STUTNLZS3 STESL TH.AILOCOUFLE

15, Figurce 3 shows thet an arce of the jrobe epproximately O.7 inch long
end hel? the circumfurence wide had 2 highly-polished appearconce, ..pDpro:zis-
nately ot the centre line of this erea wnd adjecent to the tip of the zrobe
o loasitudinal hole had becn formed,



16, Favther exeminetion revealed thet the well thickness had been con-
siderovly reduced ot the polished arce, the eres of meximum reduction
resulting n & hole, The down stream side of the probe appeersd heovily
pitted, probebly due to & forn of abrasive blasting by cxtremely fine come
bustior product perticles.

17 The thermocouple probes were not sectioned for microscopical
exanination,

Conelysion

13, It is considered thet failure of the thermocouple probe was pitinci-
pally duc to erosion ceused by fine combustion product in the zas circam.
The flow cf liquid éroplets of phosphoric ccid would also produce o polished
cnd rounded surface.

LML TION 3: ST TNLSSS S1.ET DILUZNT RUG (ENS8J)
TBET RuiT N0, 28
fest Conditions
Luration of hot run - 130 seconds
reen final gas temperature - 700°C
el /Oxident Ratio - 5 per cent fuel rich,

=emingtion

1% Lie mouth and bore of the dilucnt ring were covered with ¢ grecn
depositc of inorgenic phosphrte, The rececr foce wes partislly covered with
a Gerl acherent metallic scale. The scale was subsequently found to be
neguctic, The conicsl epproech well end erces adjecent to the water
inj.ction holes had been badly demeged (I'igure 4). The reer face clso
sufTorod demcge (Figure 5), the corrosion/erosion pattern being depeniont
¢ the locction of the weter injection holes.

20, illcrouscopicel exemingtion of sections cut from
(2) conicel woll eprroach
) oarccs edjccent to the injection holes end recr fece

showe evidence of & meteldlic scale containing entrepped particles of phos-
phete (B3 ure 6). wrens within the scale showed dendritic charcctoristics
escocicted with the freezing of liquid metel (Figure 7). Subscoucnt

etehring ruveeled the phosphorus rich chexocter of the met:llic scele but a

d.fnite eutectic phese could not be clocrly resolved (Figure 8).

N

1e shece sciaples viere examined using the Electron 3.am X-Roy micro-
cre The results orc detailed bolow, Z-roy imeges showing the

~

g

istribution of Fo, Ni, Cr, Cu, S end P ¢t thc scale/oese metal interfoco
ro shiovm in Pigures 9 to 13 rospectively,

~

D
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22, ihe exeminetion geve the following information., A slow scan {or
nickel acrross a line in the semple incdicated that the nickel conceniration
incre. sed in the plain arves as compared to thos:z arecas in which a cutectic
type structure appeared., The concentration of iron in these plain arcas
was also found to be high while thet of phosphorus appearcd to be lowaor.

23, The concentration of chromium in the phosphorus-rich region or scale
wes low 2id no marked concentration gradients were found in the stcinless
stcel ot the base metal/scale interface,

2he  Jppreciable gquantities of copper were found in the scele jencrally
evenly distributed., Small cuantitics of sulphur were detected :ainly
segroguted et the metel/scale interface. The approximete concontrations
of Fhosphorus, Copper end chromium in the scele werc estimated to be 10,
L. iné 3 respectively., The attack on moncl metel components up strcem of
the (ilvent ring cen explain the prescnce of liocuid copper phosphide
cutectic entrapped in the combustion stream end subsecuent pirescnce of
this etel in the attacked surfaces of en alloy component originelly free
fromn copper,

Conclusions

25. 1t is considered that the damcge to this component wes caused
oriacinclly by high-temperesture corrosion from phosphorus compounds,

26, The uicroscopical exeminetion revceled the presence of surface
puosphiices and phosphide eutectics. Micro-enelysis confirmed the prosconce
ol Mwuphorus in sufficient quantity to support eutectic phosphicde
foriv.tion,

27 hicse findings suggest that during the extremely short exposucs

(1 3C seconds) the surface of the diluecnt ring exceeded 950°C, i,c. the
ninimun tempereture for r~utectic formcotion, Licuid acid ettack ey have
coentributed to the totel demage suffcered by the componcnt but this eflect
would only be of minor importance compsrcd with phosphide formetion,

EXLCINATION 110. 43  TEST RIN NO, 32

Corponent -  Supersonic Nozzle,
setorial ~ 0587 Stoinless Steel protected with

0.003 inch gold,

Icst Conditions - Durastion of triel, 120 seconds., lzan
finel proluct gas temperature, 400°C
Fuel /Oxident retio : 54 fuel rich,

awningtion
20, “ho upstream surfece of the nozzle vas covered with e green dejosit
of ictcrhosphete (Figure 14). fThe thrort arca showed evidence of coeting
fcilure due to blistering. The exhoust arce wes bedly blistered end
shore! deposits of solid corrosion procuct, The reer face of the noz=lo
wre so lcmeged (Figure 15).
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2%, lietallurgical examination reveelecd thet the blistering mey hove
resulted from the effeot of heat on poor quelity plating., Irresulor pile
up of gold (0,030 inch thick appear:d on the dovmstrcem surfecss, .rcas
vere visitle where the gold hed been completely removed leeving the bese
metel cxposed to the combustion geses.

Lonelusions

30, e oxeminetion falled to show positive evidence of direct cliemicel
waection between combustion phases and the protective gold, It is con-
sidercd that the demcge to this component was caused by

{2) chemical attack of the base metal through cracks end pores in
the protective coating,

(b) the action of the fast movinz ges/liquid acid stream over the
soft gold leyer.

b1 liowover it is difficult to accownt for the lerge pile up of gold on
the Cownstiream surfaces unless the tempereture within the chamber was higher
than £0COC,

EXn I TICN N0, 5:  TEST RWN NC. 139

Counonznts

L =

(2) Zzperimentel Hlede: LNS58J Steinless Steel,
(b) Circular Rod used 2s 'Control’: Silver Steel.

Test (ouditvions

e =

(2) iuration of triel: 123 scconds,
(b) licen finel ges teumperature: 1000°C.
(¢) Fuel/Cxident Ratio: 5 Fuel Rich,

(d) Components cexposed to the jet efflux from the combustion
chamber.

Stain? sz Steel Blede
32, Tho lecding edge of the blade suffored sevire crosion whilc the caatre
had beon virtually romovad lesving o vee sheped groove., The epe: of the
groove lmost reeched the oppositc edge of the blade (Figure 16).

33, lldcroscopicel exeminetion chowod an almost continuous non-zdhoring
netellic scale at the dzmnged surfaces (Figure 17). Certain arces showed
evidenco of intercrystalline ctteck and deposits of metaphosphate asso-
cicted with the metellic scale, (Figure 18), Subsequent wtehing rovealed
that ¢ sccle conteined cutectic phosphides (Figure 19).
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Genclusions

3. Iv iz considurcd thot the demoge to this component was causcd OF
reection botwecn base metel and phosphoric acid (probebly metaphospheric
vapour} wltimetely resulting in the formation cof low mel ting point zhos-
phides, These compounds once formed would be rapidly removed by the zction
of the pas stroam,

b ™

SR ver Luecl used as "Control®

35, e tip of the exnoscd ¢nd had been completely removed vhile the
renainder anpecred to be covered with o dark metellic dcposit.e Uhis
deposit was subscouently found to be extremely herd end porous (Fisurc 20).

36, :d.roscopicel cxaminetion of & longitudinal scction cut from the rod
reve Lol o repid change in microstructur: between unexposed ¢nd cxposed
ercas, Jhe Tormer showed & spheroidised structure rclated to that of the
ori;inel condition of the matericl. The latter was found to consist of
coerse racrtensite, a structure normelly associcted with heating to tenporoe-
turvs wcove the upper criticel followed by repid cooling, The decvosit wes
founi to contcin primery dendrites of martensite in a fine cuteciic metrix,
Pigurc 21 shows the structur: aftor ctching et the stecl/deposit int Tcce,

LTS "l.ctron Beam X-3ay microcnclyeis of the desosit showed that the iron
content of the sccle was 10% less then that of the bese motal, The jlos-
Thoruc wnd copper contents were found to bo epproximctaly 15, Tigurc 22
shows the ¢lectron imege of the crce selocted for inclysis, Figures 23
en’ 2. rre -roy imeges for phospliorus ond iron rsspectively,

e «.lihough phosphorus wes found in the deposit, the cutectic niirix
wos coasidored to be cssenticlly transformoed Ledeburite. This structure
Trooculy raesulted from ¢ tenperature exceeding the equilibrium lieuilus
is,6e. for silver steel appromimatcly 1350°C.

Co Tlie norous neture of the devosit meoy hrve resulted from o ges-Torming
reaction sinilar to that of "carbon boil" in stocl moking, This would ree-
cuire reuovel ond oxidation of cerbon from the silvsr stecl/deposii to form

carvon monozide by the recction

‘.: L3 02 d ZCO.

Lo, “he temperciure et the top of the rod mey »21lso heve becn r2ised bove
the 2en treoen by combustion of iron to phosphide,

)

AT ISATILL
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